SUMMARY Anatomical studies were made on 114 necropsy specimens of atrioventricular defects with atrioventricular concordance. The malformation is characterised by disproportion between the ventricular inlet and outlet dimensions and a malorientation of the aortic valve relative to the atrioventricular valve or valves. Associated with this there is a characteristic 'scooped-out' appearance of the muscular ventricular septum, gross abnormalities of the membranous components of the septum as compared with the normal heart, and narrowing of the aortic outflow tract. Hearts with these anatomical features can be divided into partial and complete forms depending on the morphology of the atrioventricular annuli. In the partial form the septal leaflets are conjoined to give separate mitral and tricuspid orifices, the conjoined leaflets being displaced into the ventricles and usually attached to the crest of the septum. In the complete form, anterior and posterior components of the 'septal' leaflets are separate, so that a single valve orifice connects the atrial to the ventricular chambers. Further subdivision of the complete form, apart from the morphology of the anterior leaflet, is dependent upon the presence or absence of an ostium primum atrial septal defect.
Many papers have been published on the varying morphology of atrioventricular defects ('atrioventricular canal malformations') (Rogers and Edwards, 1948; Edwards, 1956, 1958; Van Mierop et al., 1962; Frater, 1965; Rastelli et al., 1966; Van Mierop and Alley 1966; Rastelli et al., 1967; Goor et al., 1968; Rastelli et al., 1968; Bharati and Lev, 1973; Tenckhoff and Stamm, 1973;  Goor and Lillehei, 1975; Ugarte et al., 1976; Van Mierop, 1977) .
It is evident from those investigations that opinion is by no means unanimous concerning several important features of these anomalies. For example, there is disagreement concerning the meaning of the so-called intermediate (Wakai and Edwards, 1958) or transitional type (Wakai and Edwards, 1956; Al Omeri et al., 1965; Sumner et al., 1967; Goor and Lillehei, 1975 ) of atrioventricular defects.
There is disagreement as to whether a cleft between anterior and posterior components of the mitral valve (Van Mierop and Alley, 1966) 20 December 1978 ostium primum atrial septal defect (Goor and Lillehei, 1975) are necessary for definition of an atrioventricular defect. It may be asked whether atrioventricular defects are characterised only by shortness of the inflow portion of the left ventricle (Goor et al., 1968; Tenckhoff and Stamm, 1973; Ugarte et al., 1976) or if there is also lengthening of the left ventricular outflow tract (Van Mierop et al., 1962; Gerbode et al., 1967) . Finally, it may be asked what are the anatomical features that are the essence of atrioventricular defects.
We have tried to solve some of these problems by anatomical analysis of specimens catalogued as exhibiting an atrioventricular defect or one of its varieties.
(a) the atrioventricular fibrous annulus; (b) the relation of the inlet and outlet tracts of the left ventricle to each other, as described by Goor et al. (1968) , and in relation to the distance between the lowest portion of the interventricular septum and the apex of the left ventricle; (c) the constituents of the interventricular muscular septum; (d) the left ventricular outflow tract; (e) in the presence of an anterior common leaflet, the type of attachment of its right and left ventricular components; (f) in the absence of an anterior common leaflet, the type of attachment of the anterior component of the mitral valve; and (g) the degree of fusion between the septum primum and the plane of the atrioventricular valve.
We examined only specimens with a concordant atrioventricular connection and we excluded cases with discordant ventriculoarterial connections or single outlet of the heart. In all, 114 cases were included in our study group.
Results
In all the hearts studied, it was found that firstly the inferior edge of the atrial septum was abnormal in its attachment to the atrioventricular annulus fibrosus. Secondly, the membranous component of the cardiac septum was abnormally positioned and formed. Thirdly, the plane of the atrioventricular orifices was abnormal. Fourthly, the inlet portion of the ventricular septum was deficient (scooped- (Fig. 2a ) and a heart with an atrioventricular defect (Fig. 2b) . The hearts are viewed from above. Note that in Fig. 2a the aortic valve (AoV) is wedged between the mitral and tricuspid valves (MV, TV). There is only a short distance at the septal contiguities (arrowed). In contrast, in atrioventricular defects (Fig. 2b ) the aortic valve does not occupy a wedge position and the atrioventricular orifice is 'sprung'. In the specimen illustrated there is a common atrioventricular valve (AVV). (PV, pulmonary valve.) out) in its central portion, and, finally, the aortic valve was abnormally positioned and orientated ( Fig. 1, 2 ). There was considerable variation in the degree of formation of the septal structures and the atrioventricular valves within this pattern of disordered morphology (Table) . The hearts could basically be divided into two groups: those with two discrete atrioventricular annuli and those with a common annulus. (Fig. 3) .
In one heart, a cleft between the anterior and posterior component of the mitral valve was present, without an ostium primum atrial septal defect, but with a scalloped-out appearance of the interventricular septum and a perimembranous ventricular septal defect.
In two hearts ostium primum atrial septal defects were present without any cleft between the anterior and posterior components of the mitral valve (Fig. 4 ). There was a lowering of the medial insertion of the mitral fibrous annulus on the superior edge of the interventricular muscular septum, which was deficient in its central portion.
In 32 hearts ostium primum atrial septal defects were present together with cleft mitral valves and the scooped-out appearance of the interventricular septum. The septal annulus separating the mitral and tricuspid septal leaflets was displaced into the ventricles and firmly attached to the crest of the septum (Fig. 5a ). In 26 of the 32 cases (81%) the cleft of the mitral valve was complete, that is it extended to the septal annulus. In the remaining hearts the cleft was incomplete. In three of these hearts a double cleft was present. In 11 of these hearts, the septal leaflet of the tricuspid valve was divided into discrete anterior and posteiior components, the dividing notch extending to the conjoined septal annuli (Fig. 6) .
In eight hearts ostium primum atrial septal defects were associated with inlet perimembranous ventricular septal defects. Of these eight hearts, three exhibited a cleft of the mitral valve alone; three had an incomplete cleft of the mitral valve together with discrete anterior and posterior components of the septal leaflet of the tricuspid valve; two did not have mitral clefts (Fig. 7 ), but one of these exhibited discrete components of the septal leaflet of the tricuspid valve.
HEARTS WITH COMMON ATRIOVENTRICULAR ORIFICE
Seventy cases were found with a common atrioventricular fibrous annulus (Fig. 5b, c) .
In 66 of the hearts an ostium primum atrial septal defect was confluent with an inlet ventricular septal defect. the crest of the septum, the space between them being the septal crest. In the remaining 64 cases, there was a bridging anterior leaflet. In 39 of these cases the right lateral edge of the bridging anterior leaflet was attached to the superior edge of the muscular septum and, extending across the septum, to the medial papillary muscle.
In eight cases the right lateral insertion was to a 'medial' papillary muscle, displaced from its usual position towards the ventricular apex. In the remaining 17 cases the lateral attachment was to the anterolateral papillary muscle of the right ventricle. The interventricular septum showed always a 'scoopedout' appearance.,, COMMON FEATURES Measurement of the lengths of the inlet septum compared to the outlet septum ( Fig. 9) showed that the outlet tract of the left ventricle was always lengthened in relation to its inlet portion. The diaphragmatic length of the inlet septum was greater than the central portion, which constituted the shortest length of the ventricular septum ( In the remaining four hearts, the edge of the atrial septum extended down to the level of the atrioventricular annulus. Thus, in these hearts, the ostium primum defect was lacking, though there was a common atrioventricular annulus (Fig. 8) .
Among the cases with common annulus, six lacked a bridging anterior leaflet. In these hearts, the anterior part of the canal was guarded by two leaflets, one totally committed to the left ventricle and the other totally committed to the right ventricle. The two leaflets were each attached to 11). In general, the degree of lengthening was greater in the hearts with a common annulus than in those with separate mitral and tricuspid annuli.
In all the hearts the aortic valve was deviated anteriorly, when compared with the normal hearts, and in 90 cases it was deviated rightward (Fig. 12) .
The outflow tract was narrowed as judged from anatomical observation in 68 hearts (Fig. 13) .
This tract was larger than normal only in the three cases with complete defects associated with tetralogy of Fallot. (In these hearts the perimem- Fig. 5 Photographs illustrating the morphology of ostium primum atrioventricular defect with a cleft mitral valve (Fig. 5a ) and complete atrioventricular defects (Fig. 5b, c) . In Fig. 5a the opened tricuspid orifice is seen. The discrete mitral orifice (MO) is viewed through the ostium primum defect. The septal leaflets of mitral and tricuspid valves are.fused both to each other and to the ventricular septum (SL). The narrow septal commissure of the tricuspid valve is seen (A) and is to the right of the atrial septal insertion to the annulus. It separates the septal leaflet of the tricuspid valve from the anterior leaflet (AL). Fig. 5b (Fig. 14a) .
A fibrous structure between the left ventricle and the right atrium was always present and was comparable with the outlet component of the atrioventricular membranous septum (Fig. 14b ).
Discussion
The hallmarks of an atrioventricular defect are, firstly, a disproproportion between the inlet and outlet length of the ventricular septum and, secondly, a malorientation of the aortic valve relative to the atrioventricular valve or valves (Van Mierop et al., 1962; Van Mierop and Alley, 1966; Goor and Lillehei, 1975; Van Mierop, 1977) . Atrial or ventricular septal defects and malformations of the atrioventricular valves can accompany these basic anatomical features, and the combination of these anomalies produces the variation seen in the malformation (Fig. 15) .
By atrioventricular defects, therefore, we describe a continuous spectrum of malformations characterised by: (1) 'scooped-out' appearance of the interventricular septum (Campbell and Missen, 1957; Van Mierop et al., 1962; Somerville, 1966; Van Mierop and Alley, 1966; Gerbode et al., 1967; Goor et al., 1968; Tenckhoff and Stamm, 1973; Goor and Lillehei, 1975; Ugarte et al., 1976; Van Mierop, 1977; Ebert and Goor, 1978) ; (2) abnormal attachment of the atrioventricular leaflets to the rim of the interventricular septum (Van Mierop et al., 1962; Van Mierop and Alley, 1966; Van Mierop, 1977) ; (3) abnormal attachment of the inferior edge of the septum primum to the atrioventricular plane (Rogers and Edwards, 1948; Edwards, 1956, 1958; Van Mierop et al., 1962; Van Mierop and Alley, 1966; Goor and Lillehei, 1975; Van Mierop, 1977) ; (4) Our results show that the different anomalies can be divided into two basic constellations; namely, those with separate mitral and tricuspid annuli (partial atrioventricular defects) and those with a common atrioventricular annulus (complete defects). Our observations suggest that from the anatomical viewpoint, the group of anomalies termed transitional or intermediate types Edwards, 1956, 1958; Al Omeri et al., 1965; Sumner et al., 1967) are best considered as variants of the partial form in that they have discrete mitral and tricuspid annuli. It is true that the discrete annuli are in many instances produced as a consequence of a bridge of valve tissue extending across the septum from posterior to anterior leaflets and that the conjoined valves have features that resemble a common orifice (Fig. 6) . It is also true that from the surgical standpoint these anomalies have features Fig. 7 Photographs illustrating the morphology of an atrioventricular defect with an ostium primum atrial septal defect, a perimembranous inlet ventricular septal defect (VSD) but discrete mitral and tricuspid orifices without a cleft (arrows). Fig. 7a is viewed from the right ventricle and shows double outlet from this ventricle; the aorta (AV) and pulmonary artery (PV) being separated by the infundibular septum (IS). (FO, fossa ovalis; TSM, trabecular septomarginalis.) Fig. 7b shows the left ventricular aspect. Fig. 8 Photographs illustrating the morphology of a complete atrioventricular defect without an ostium primum atrial septal defect. Fig. 8a shows the right aspect of the malformation. Both anterior and posterior leaflets (AC, PC) bridge through the ventricular septal defect to the left ventricle. Fig. 8b and 8c show the left ventricular aspect, viewed from the outflow tract (Fig. 8b ) and the inlet aspect (Fig. 8c) . The anterior component of the common AV valve (AC) separates the ventricular septal defect into anterior (ACVSD) and posterior (PCVSD) components. Note that the atrial septum is intact (arrowed) and extends down to the level of the atrioventricular annulus. ( Fig. 9 Ratio between the lengths of the outlet septum and the diaphragmatic portion of the inlet septum. The length of the outlet septum was always greater than that of the diaphragmatic portion of the inlet septum. This disproportion was more evident in the complete than in the partial types of atrioventricular defects. This ratio in the normal hearts is 1. more in common with the complete form of the malformation particularly when a large ventricular defect is present beneath the bridging leaflet tissue. None the less, to our minds the presence of bridging leaflet tissue produced two discrete annuli and permits their unequivocal categorisation on anatomical grounds as partial malformations. Indeed, we observed one heart in which an ostium primum atrial septal defect was associated with a ventricular septal defect and partitioned mitral and tricuspid annuli, in the absence of any clefts in their septal components (Fig. 7) . These considerations highlight the problems engendered by usage of the adjectives 'partial' and 'complete' as applied to atrioventricular defects. We, believing we were conforming to common usage, used the terms to differentiate cases with partitioned tricuspid and mitral orifices from those with a common orifice. But it has been pointed out to us that an alternative approach (Brandt et al., 1972) Fig. 10 Ratios between the lengths of the diaphragmatic and central portion of the inlet ventricular septum. The diaphragmatic length of the inlet septum was always greater than the central portion. This disproportion was more evident in the complete than in the partial types of atrioventricular malformations. This ratio in the normal hearts is 1. the use of the terms 'partial' and 'complete'. In that we are using these adjectives to describe annular morphology, they are not ideal. It would be far more appropriate to divide our cases into groups with partitioned orifices (presently termed 'partial defects') and those with a common orifice (presently termed 'complete defects'). We have continued to use the terms 'partial' and 'complete' in this and our other papers Piccoli et al., 1979) in deference to what we believe is common usage, but we suggest that in future it will be better to differentiate atrioventricular defects on the basis of their annular morphology into cases with partitioned mitral and tricuspid orifices and cases with a common atrioventricular orifice.
There has been considerable discussion regarding the substrate of the disproportion of the inlet and outlet length of the ventricular septum. Many authors have indicated that there is a shortening of the diaphragmatic wall of the left ventricle (Goor et al., 1968; Tenckhoff and Stamm, 1973; Blieden et al., 1974; Ugarte et al., 1976 ). Yet others have indicated that the infundibular septum is excessively long (Van Mierop et al., 1962; Van Mierop and Alley, 1966; Gerbode et al., 1967) . Our findings indicate that all of these factors are present (Fig. 9,  10, 11) . Measurement of the inlet septum and comparison with the length of the outlet septum do not permit deductions concerning the shortness of one or the excessive length of the other. It is more likely that a combination of these factors exists.
There has also been disagreement regarding which part of the membranous septum is missing in atrioventricular canal malformations. Some have suggested that all the membranous portion of the ventricular septum is lacking (Rogers and Edwards, 1948; Wakai and Edwards, 1956; Campbell and Missen, 1957; Wakai and Edwards, 1958; Neufeld et al., 1961) . Others have suggested that the atrioventricular membranous septum together with the basal portion of the muscular ventricular septum are missing (Van Mierop et al., 1962; Al Omeri et al. 1965; Somerville, 1966; Van Mierop and Alley, 1966; Somerville and Jefferson, 1968 ). Yet others pointed to a deficiency in the muscular rim beneath the membranous septum which extended to the diaphragmatic wall of the left ventricle (Goor et al., 1968) or to the subaortic area (Blieden et al., 1974) . Our observations substantiate the view that the crest of the inlet septum is deficient in the perimembranous area. However, we would not agree that the membranous septum is always absent.
Discussion regarding this point devolves upon definitions of the membranous septum. In all the hearts studied, the septal edge of the anterior components of the atrioventricular valves is inter- I-r õ from that found in the normal heart, being deviated anteriorly. In addition, in the malformations without perimembranous ventricular septal defect, the insertion line of the conjoined annuli of the mitral and tricuspid valves on the interventricular septum represents an interventricular membranous septum. In the malformations with perimembranous septal defect, a remnant of the interventricular component of the membranous septum was present in 57 cases (73%). It must be emphasised, however, that a muscular atrioventricular septum was totally lacking in all hearts studied (Brandt et al., 1972) , since the tricuspid and mitral annuli were attached to one another at the same level (Van Mierop et al., 1962; Van Mierop and Alley, 1966; Goor et al., 1968) . In the normal heart the tricuspid valve is attached to the cardiac septum towards the ventri- Fig. 14a the atrioventricular membranous septum (A VMS) and in Fig. 14b an interventricular membranous septum (IVMS). Fig. 14a has been prepared by sectioning the heart from the right atrium into the aortic outflow tract. (SD, septal defect; other abbreviations as before.) Fig. 14b is viewed from the anterior aspect of the left ventricular outflow. tricuspid annuli were attached to the crest of a typical 'scooped-out' ventricular septum, and the hearts had all the features of an atrioventricular defect. This type of malformation has been characterised by Goor et al. (1968) as a 'corrected' malformation since haemodynamically it resembles a secondum atrial septal defect.
In the majority of cases of the complete malformation, the atrioventricular orifices were committed in approximately equal portions between the right and left ventricle. In some hearts, however, the orifices were committed primarily to one ventricle with hypoplasia of the other ventricle. This feature was previously noted by Bharati and Lev (1973) and termed right or left ventricular dominance, and a large series of right dominance has recently been identified and described by Freedom et al. (1978) Atrioventricular defect a) Inlet/outlet ventricular disproportion b) Aortic /atrioventricular malorientation atrioventricular defects without an ostium primum component. An alternative way of expressing this would be to say they were true atrioventricular defects, the interventricular communication being at the atrial aspect of the valve leaflets. They must be distinguished from the so-called 'atrioventricular canal ventricular septal defects' described in partial defects (Neufeld et al., 1961) . In many instances, the latter defects are no more than perimembranous defects excavating the inlet portion of the ventricular septum and do not possess the stigmata of the atrioventricular defect itself (see Neufeld et al., 1961, Fig. 8) . However, as with so many anomalies, there is a spectrum of malformations depending on the degree of excavation of the inlet septum. In our series of partial canal malformations, we observed a ventricular septal defect in association with a cleft mitral valve but with an intact atrial septum, this case having all the features of an atrioventricular defect. It is our opinion, therefore, that the term 'atrioventricular canal ventricular septal defect', if used at all, should be reserved for description of such cases which have the cardinal features of an atrioventricular defect.
In conclusion, our study indicates that atrioventricular defects are characterised by discrete anatomical features, namely disproportion between ventricular inlet and outlet lengths and abnormal position of the aortic valve. The other cardinal features follow from these primary abnormalities. They can be divided into partial and complete forms, depending upon whether these are separate mitral and tricuspid annuli or a common atrioventricular annulus. However, we believe that, in future, it will be more appropriate to describe these as groups with partitioned orifices or a common orifice rather than with the terms 'partial' and 'complete'. Each of these groups can be further subdivided depending on the presence or absence of an atrial septal defect, a ventricular septal defect, and the variations in morphology of the atrioventricular valve or valves (Fig. 15) .
